INTRODUCTION
In recent years, concern about the progressive increase in the levels of fossil fuel-derived CO2 in the atmosphere has prompted several investigators to examine the potential impacts of increased levels of total CO2 on the degree of calcite and aragonite saturation in the oceanic mixed layer [Broecker et al., 1971; Fairhall, 1973 The results of these investigations vary widely in their predictions of the fossil fuel CO• inputs required to induce calcite and aragonite undersaturation. This is due partly to a lack of agreement about the exchange of fossil fuel CO e across the air-sea interface and its subsequent penetration into the deeper layers of the ocean, and partly due to a lack of agreement about the salinity, temperature, and pressure effects on the stoichiometric solubility products for calcite and aragonite. Solubility product discrepancies are particuarly important for aragonite because some of the earlier solubility measurements did not take into account the long times required for equilibration [Morse et al., 1980] . To provide a comprehensive picture of aragonite saturation in the surface and intermediate waters of the North Pacific, we have combined the The degree of saturation of aragonite in seawater is defined as the ratio of the ion product of the concentrations of calcium and carbonate, at the in situ temperature, salinity, and pressure, divided by the stoichiometric solubility product for 
When f•a > 1, seawater is supersaturated with respect to aragonite, and conversely, when f•a < 1, seawater is undersaturated with respect to aragonite. Since the calcium to salinity ratio in seawater does not vary by more than 1.5% [Culkin and Cox, 1966] , variations in the degree of saturation of aragonite in seawater are primarily governed by variations in the ratio of the ion concentration of carbonate to the stoichiometric solubility product. These variables are independent under natural conditions, and consequently, a study of the factors influencing the degree of saturation of aragonite in seawater must necessarily consider simultaneous variations in both. Since the concentration of carbonate ions in seawater cannot be directly determined, it is calculated from measurable variables such as total carbon dioxide TCO2, total alkalinity At, and pH, assuming the dissociation constants for carbonic acid in seawater are well defined. Takahashi et al.
[1976] reviewed the internal consistency of five sets of apparent dissociation constants of carbonic acid and boric acid in seawater using the GEOSECS Atlantic TCO2, At, and partial pressure of carbon dioxide, pCO2, data. By comparing the measured values of pCO2 with those calculated from A r and TCO2, they found that the apparent dissociation constants determined by Mehrbach et al. [1973] and by Lyrnan [1956] provided the most consistent data. These conclusions were verified by the comprehensive study by Millero [1979] , wherein the effects of temperature pressure and salinity on dissociation constants are described. We have used the equations of Millero [ 1979] in the present work The stoichiometric solubility product of aragonite in seawater under various conditions has been studied by a number of investigators, and the subject has been extensively reviewed by Morse et al. [1980] . As has been pointed out by these authors, some of the earlier estimates by MacIntyre [1965] , Berner [1976] , and Plath and Pytkowicz [1980] were high because the investigators did not take into account the long times required for equilibration. Using equilibration times in excess of 60 days, Morse et al. [1980] found the stoichiometric solubility product for aragonite to be 6.65 x 10 -7 mol e kg -2 at 25øC, 35%0 salinity, and 1 atmosphere total pressure. This value ranges from as little as 7% to as much as 42% lower than previous values for similar conditions. The long-duration solubility studies for aragonite and calcite were recently expanded by Mucci [1983] to include a temperature range between 5øC and 40øC and a salinity range between 5%0 and 44%.
On the basis of free energy differences between the two polymorphs (i.e., -230 cal/mol at 25øC and 1 atmosphere pressure), Berner [1976] showed that the theoretical ratio of the solubility products for aragonite and calcite is 1.48. The ratio of K'sva/K'svc should therefore be close to this value.
Since the calcite solubility measurements of Ingle et al. [1973] have been verified by a number of field studies [Broecker and Takahashi, 1978; Sayles, 1980] , a comparison of the ratio of the aragonite solubility data at 25øC, 35%0 salinity, and 1 atmosphere total pressure with the 25øC, 35%0 salinity calcite solubility data of Ingle et al. [1973] should provide further confirmation of the importance of equilibration time for accurate aragonite solubility data. Table 1 gives the ratio of K'sva/K's•c versus equilibration time using the calcite solubility data of Ingle et al. [1973] and the aragonite solubility data obtained by various investigators in seawater at 25øC, 1 atmosphere pressure, and 35%0 salinity. The data show that as the equilibration time increases, the ratio of K's•/K'sv c approaches the theoretical value, indicating that the stoichiometric solubility products for aragonite, based on the longer equilibration times [Mucci, 1983] , are probably more correct.
SAMPLING AND ANALYTICAL METHODS
The analytical methods and complete data for the GE-OSECS 'and INDOPAC TCO2 and Ar sections are given by Takahashi et al. [1980a] and Scripps Institution of Oceanography [1978] , respectively. The details of the potentiometric titrations used in these studies are described by Bos and Williams [1982] . The method is based upon techniques developed by Gran [1952] and later modified by Dyrssen and Sillen [1967] and Edmond [1970] . The titrations were performed with 0.25 N Baker analytical grade HCI standardized against gravimetrically prepared sodium borate decahydrate solutions adjusted to an ionic strength of 0.7 using NaCI. The GE-OSECS titration data were processed using a Gran plot computer program. As was pointed out by Takahashi et al. [1980a] , the program contained a systematic error in the TCO: calculation. On the basis of independent measurements of pCO2 and TCO2, they applied a correction of -15 #M/kg to the calculated TCO2 data. For the NOAA data, water samples were collected in 30-L Niskin bottles and immediately transferred into 1-L glassstoppered bottles containing 1.0 mL of a saturated solution of HgCI2 to decrease bacterial oxidation of organic matter prior to analysis. The samples were stored in a dark cold storage room at 4øC for as much as 12 hours. The samples were analyzed by the potentiometric method described above using a Brinkman E636 titroprocessor linked to a Hewlett-Packard 85 computer. The data from the titroprocessor were automatically fed into the computer and processed using the modified Gran The equations for aragonite saturation are based on the work by Mucci [1983] in which the degree of in situ saturation is the product of the concentrations of calcium and carbonate ions, at the in situ temperature, salinity, and pressure, divided by the stoichiometric solubility product for those conditions (equation (1) 
where P is the gauge pressure and the molar volume for aragonite is determined from the data presented by Millero [1979] . A maximum uncertainty of _ 12 #M/kg in TCO2 and #M/kg, resulting from a change in the TCO2/Ar ratio from 0.950 to 0.940 (see Table 2 ). Thus the increase in carbonate ion concentration due to the decrease in the TCO:/Ar ratio is about 10 times more important to aragonite solubility than changes due to temperature and salinity. 
The results of these experiments on aragonite fragments and three pteropod species are shown in Table 3 . The final column provides the pH increase which occurred in each aragonitecontaining sample cell relative to the reference cells. The substantial pH increase in each of our sample vials compared to the reference vials indicates that substantial aragonite dissolution occurred for each of our four samples. These results support our conclusion that the saturation horizon at this station occurs at a depth less than 123 m. Furthermore, we note that the substantial calculated undersaturation at 123 m and the reasonably direct interpretation of our dissolution experiments make alteration of this conclusion unlikely. mixing and biogeochemical processes such that in most cases, TCO2 increases more rapidly with depth than does the alkalinity. The reason for this is that whereas the TCO2 is increased in subsurface waters as a result of a relatively rapid process of microbiological oxidation of organic matter falling from the euphotic zone, the increase in alkalinity is due to the dissolution of calcareous tests, a process which proceeds much more slowly. 
East-West Trends in the

Possible Effects of Fossil CO e on the Degree of Saturation in Surface Waters
As stated in the introduction of this paper, in recent years there has been some concern about the possible effects of fossil fuel-derived CO2 on the saturation state of the surface oceans with respect to calcite and aragonite. The subject was recently reviewed in a general way by Broecker et al. [1979] , who stated that in a typical warm tropical ocean the mixed-layer water will not become undersaturated with respect to aragonite until the partial pressure of CO2 in the atmosphere is increased to a level of about 1760 #atm, a condition the authors stated would not occur during the next several decades. The underlying assumption of their model is that the surface ocean pC02 would be in equilibrium with pCO2 in the atmosphere. In the North Pacific the recent data of Takahashi et al. [1983] indicate that this assumption is basically true, except for regions near the equator (10øN to 10øS) 
